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Abstract
Background: Despite a supportive evidence base and a push to implement, the uptake of early rehabilitation in
critical care has been inconsistent. The objective of this study was to explore barriers and facilitators to early
rehabilitation for critically ill patients receiving invasive mechanical ventilation.
Methods: Using the Theoretical Domains Framework (TDF) of behavior change, we conducted semi-structured
interviews exploring barriers and facilitators to early rehabilitation among four purposively sampled ICU clinician
groups (nurses, rehabilitation professionals, respiratory therapists, and physicians). The TDF is a comprehensive
framework of 14 “construct domains,” synthesized from 33 theories of behavior that was developed to study
determinants of behavior and to design interventions to improve evidence-based healthcare practice. A topic guide
was developed and piloted based on the TDF and expert knowledge. Interviews were audio-recorded and transcribed
verbatim. Transcripts were content analyzed by coding items into domains and then synthesized into more specific,
over-arching themes or “beliefs.” An expert consensus group used structured decision rules to classify beliefs as high,
moderate, or low in importance.
Results: We interviewed 40 stakeholders from the four clinician groups and identified 135 separate beliefs. Of
these, 19 were classified as high, 40 as moderate, and 76 of low importance as barriers or facilitators. All beliefs
classified as highly important fell within one of seven TDF domains: skills, social/professional role and identity,
beliefs about capabilities, beliefs about consequences, environmental context/resources, social influences, and
behavioral regulation. Beliefs of lower importance fell under the following seven domains: knowledge; optimism;
reinforcement; intention; goals; memory, attention, and decision processes; and emotion. Quantitative differences
in stated beliefs about early rehabilitation between professional groups were not common.
Conclusions: This study identified important barriers and facilitators to early rehabilitation in critical care patients.
Domains identified as important should be considered when designing interventions to increase uptake of early
rehabilitation.
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Background
Traditionally, critical illness involved a period of deep sed-
ation and immobility. However, deep sedation can be
harmful [1, 2], and critical illness is associated with signifi-
cant muscle atrophy and weakness [3, 4]. Physical rehabili-
tation, initiated early in the course of critical illness, is an
active area of research within critical care. Observational
studies to date have demonstrated the safety and feasibility
of early rehabilitation with critically ill patients [5–8] and
successful implementation in single centers [9, 10].
Randomized trials, summarized in a recent systematic re-
view [11], as well as two randomized trials, demonstrate
improved patient-centered outcomes with early rehabilita-
tion strategies [11–13].
Despite a supportive evidence base and a significant
push to implement such practices [14–16], uptake of
early rehabilitation has been at best inconsistent. Point
prevalence studies have documented low levels of
involvement of physical therapists in the intensive care
unit (ICU) and low rates of implementation of rehabili-
tation [17, 18]. Prior work studying barriers to imple-
mentation of early rehabilitation strategies in the ICU
has focused on resource issues and concerns about pa-
tient tolerance and safety primarily from the perspective
of physical therapists and physicians, with minimal input
from nurses and no input from respiratory therapists.
There is broader evidence that the translation of
complex, evidence-based interventions into clinical
practice is often a slow and haphazard process [19,
20]. It has been argued that implementation and clin-
ician behavior change may be facilitated through the
application of theory to systematically identify the hy-
pothesized causal mechanisms and factors influencing
clinical practice [21, 22]. The Theoretical Domains
Framework (TDF) [23, 24] of behavior change synthe-
sizes constructs from 33 behavior change theories
into 14 “construct domains,” or clusters of related
constructs that may explain practice change or the
absence of change (see Additional file 1). It has been
applied as a framework for developing questionnaires
and interview topic guides across a range of clinical
contexts to systematically explore the barriers and fa-
cilitators to clinician behavior change [25, 26]. Each
domain represents a range of related constructs that
may influence clinician behavior. For example, the do-
main “social influences” encompasses overlapping
constructs such as professional identity, boundaries,
confidence, leadership, and organizational culture/
climate.
This study explored clinician-reported barriers and fa-
cilitators to early physical rehabilitation in critically ill
patients receiving invasive mechanical ventilation. Add-
itionally, the study assessed relative importance of the
identified barriers to early rehabilitation.
Methods
Study design
This was a semi-structured interview study, based on
the TDF, of ICU clinicians’ perceptions of barriers and
facilitators to early rehabilitation.
Participants
Participants were purposively sampled from one of four
clinician groups: critical care nurses, physicians, respira-
tory therapists, and rehabilitation professionals (physical
therapists and occupational therapists) to achieve diver-
sity in terms of years of experience, academic versus
non-academic work environment, leadership position,
ICU size, and country of practice (USA/Canada). Partici-
pants had to work as independent practitioners primarily
caring for adult patients and were required to identify
critical care as a focus in their practice.
To achieve the goals of maximum variability sampling
described above [27], we recruited from the “ICU Recov-
ery Network” (IRN), an online interest group of clinicians
interested in critical care rehabilitation and recovery from
critical illness, and multiple professional associations and
collaborative research groups.
Development of topic guide
A semi-structured interview topic guide was developed
based on the TDF and expert knowledge from the au-
thor group. At least one question for each of the 14 do-
mains of the TDF was included. The interview guide was
drafted by two critical care clinicians (SLG and BHC)
and two health psychologists with expertise in the TDF
(JF and FL). Following feedback from the wider investi-
gator team and piloting with one clinician from each of
the four clinical groups, questions were revised to
minimize duplication and enhance clarity, clinical rele-
vance, and completeness.
To assess the extent to which the questions were likely
to elicit responses related to each domain, the questions
were independently coded into domains by a health
psychologist with expertise in the TDF (AP). The reli-
ability of this coding was assessed with Cohen’s kappa
[28]. The final interview topic guide is available in
Additional file 2.
All interviews were conducted by a single member of
the study team (EK) by telephone. All interviews were
audio-recorded, transcribed verbatim, checked for accur-
acy, and anonymized. EK had prior experience with
semi-structured interviewing and received additional
context-specific training through detailed review of and
feedback on pilot interviews provided by ICU clinicians
(SG and BC) and health psychologists with experience in
semi-structured interviewing (FL and JF).
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Analysis
Using NVivo (version 10), data were analyzed using con-
tent analysis [29]. All participant utterances within each
transcript were assigned to TDF domains by one investi-
gator (SG). Responses could be allocated to more than
one domain. Initially, a sub-sample of 10% of transcripts
was independently coded by a second investigator (FL)
to assess inter-rater reliability using Cohen’s kappa. If
Cohen’s kappa was less than 0.7, coding strategies were
reviewed with a plan to review a further 10% of tran-
scripts as necessary. Discrepancies were resolved
through consultation with additional team members
(BC, JF).
Following initial coding, participants’ responses across
transcripts were compared within each domain. Re-
sponses that were thematically similar were grouped to
inductively identify a “belief” relevant to early rehabilita-
tion. Additional detail to illustrate these methods is pro-
vided in Additional file 3. Analysis of interviews was
continued until saturation was achieved, with at least
two additional interviews per group analyzed beyond
that point [30]. We planned to analyze approximately
equal numbers of participants in each group to simplify
quantitative comparisons.
An expert consensus group comprising the wider
investigator team met to review all domain and belief
coding for clinical and theoretical face validity. In
addition, to establish importance, the group collect-
ively reviewed each belief with the following consid-
ered as evidence of importance: (1) high frequency of
belief (more than half the participants), (2) any par-
ticipant expression of importance (e.g., “it’s critical to
educate the staff”), (3) discord among participants
about belief as a barrier or facilitator, (4) differences
between clinician groups in frequency by at least five
participants, and (5) whether a belief was expressed
spontaneously versus prompted by a direct question.
Theoretical and empirical work supports the use of
multiple methods to establish importance in barriers
work [31]. This approach to understanding import-
ance has been used in prior TDF work [32]. Beliefs
were classified as “low importance” if zero or one of
the five criteria was met and of moderate importance
if two criteria were met. All other beliefs were classi-
fied as high importance. A detailed explanation of the
criteria for assessing importance is found in
Additional file 4.
Ethical considerations
This study was reviewed and approved by the Research
Ethics Board at Sunnybrook Health Sciences Centre
(Reference # 015-2014). Participation in the study was
voluntary, and all data were anonymized. Telephone
consent was obtained from all participants and recorded
by the research assistant (EK) on written consent forms
for each participant.
Results
Participants
Forty participants were included. The denominator of
potential participants is unknown because of the use of
public listservs and email lists without known numbers.
Saturation was achieved for each of the four clinician
groups by a maximum of eight interviews. Interviews
lasted a mean of 46 min (range 20–80 min). Participant
details are shown in Table 1.
Inter-rater reliability
Cohen’s kappa for blinded assignment of questions to
TDF domains was 0.89. Cohen’s kappa for duplicate cod-
ing of transcripts into TDF domains was 0.74.
Results by domain
A total of 135 beliefs related to early rehabilitation were
identified across the 14 domains of the TDF. Of these,
19 were classified as high importance, 40 of moderate
importance, and 76 of low importance as barriers or
facilitators of early rehabilitation.
Table 1 Participant characteristics
Frequency
(N = 40)
Professional group Rehabilitation professional 10
Nurse 10
Respiratory therapist 10
Physician 10
Professional leadership
role
Yes 18
No 22
Country of employment Canada 23
USA 17
Type of institution Academic health sciences center 25
Community teaching hospital 10
Community non-teaching hospital 5
Number of ICU beds < 10 3
10–20 10
21–50 14
> 50 13
Years since graduation ≤ 5 8
6–10 10
> 10 22
Years of ICU experience ≤ 5 10
6–10 11
> 10 19
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All beliefs classified as highly important fell within one
of seven domains from the TDF: skills, social/profes-
sional role and identity, beliefs about capabilities, beliefs
about consequences, environmental context and re-
sources, social influences, and behavioral regulation. As
shown in Fig. 1, domains with high importance beliefs
also contained the highest number of beliefs identified.
Beliefs of high importance are shown in Table 2 with ex-
emplar quotations. Beliefs of moderate importance are
shown in Additional file 5. High importance beliefs are
elaborated below.
Skills
Participants reported that early rehabilitation was facili-
tated by working with experienced colleagues.
Social/professional role and identity
Underscoring the fact that early rehabilitation is a com-
plex, team level behavior, a large number of specific
roles were identified for multiple team members. In par-
ticular, physician roles as team leaders and as those who
identify appropriate patients for rehabilitation were iden-
tified, although most frequently by the physician group
rather than by other groups. The importance of a gen-
eral “leadership role” for physicians was emphasized by
all professional groups.
Beliefs about capabilities
Most participants reported that early rehabilitation was
a difficult therapy to deliver (a potential barrier);
however, some felt that it was fairly “easy” and fell within
their skill sets as ICU clinicians.
Beliefs about consequences
Participants reported a broad range of benefits of early
rehabilitation. In particular, improved strength or muscle
mass, improved long-term function, improved mental
health, and shorter duration of mechanical ventilation
were identified as important.
Environmental context and resources
There was a range of views about the adequacy of staff-
ing for early rehabilitation; some reported under-staffing
as a barrier, while some felt staffing was adequate. There
was similar diversity of views about whether “special-
ized” equipment was a facilitator. However, there were
similar views both across and within professional groups
that coordinating the various staff members and equip-
ment needed at a time that was optimal for a patient
was a barrier. There was also consistency in the belief
that a model for early rehabilitation with physiothera-
pists specifically assigned to the ICU, rather than a rotat-
ing model was a facilitator.
Social influences
There was a frequently held view that local “champions”
facilitated early rehabilitation. In addition to local cham-
pions, it was also reported by 6/10 physicians, 4/10
nurses, and 4/10 physical therapists, and none of the re-
spiratory therapists that the support of ICU leadership
Fig. 1 Number of unique beliefs identified in each domain and assigned importance
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Table 2 Important beliefs according to the domain of the TDF
Belief (number of participants endorsing belief) Excerpt from the interview
Skills domain
Skills for early rehabilitation are developed by
working with experienced colleagues. (12)
“I’d say what’s helped me a lot is mentorship, working with a more skilled ICU therapist that’s
been doing things for a little bit longer...” (PT)
Social and professional role/identity domain
Leadership has an important role in early
rehabilitation. (22)
“… I work so closely with the nurses that if the nurses weren’t on board it would be very
difficult to do early mobility.” (PT)
Physicians have an important role in identifying
appropriate patients for early rehabilitation. (16)
“…we all try to be there and try to suggest or support rehabilitation, but in the end, again it
ends up being a physician call when the physios get involved.” (RT)
Physicians have an overall leadership role in early
rehabilitation. (7)
“And I like to talk to the doctors and have it spelled out to me what’s okay, what’s not okay
with that patient, if it’s not clear from looking at the chart.” (PT)
Beliefs about capabilities domain
Early rehabilitation is challenging. (22) “I would describe it as very important but also very challenging, to get the people up at such
a … critical time as their care.” (PT)
Beliefs about consequences domain
Early rehabilitation decreases muscle atrophy or
reduces weakness. (31)
“It limits or even reverses weakness and muscle wasting.” (PT)
Early rehabilitation affects long-term physical
function. (22)
“I would say the most important goal… is to improve patient outcomes …also functional
outcomes in the long term.” (MD)
Early rehabilitation affects the mental health of the
patient. (27)
“…it gives them a huge sense of psychological and psychiatric benefits, because I think
laying in that bed, day after day, it can put a tremendous strain on these patients, and this
allows them to … get out of the four walls of the Critical Care.” (RT)
Early rehabilitation affects duration of mechanical
ventilation. (25)
“For me, ventilator days. If we’re seeing a … significant decrease in ventilator days in our
patient population I think that would … go a long way.” (RT)
Environmental context and resources domain
We have adequate staff to perform early
rehabilitation. (35)
“Staffing is our main thing; that is a huge thing which interferes with… what we want to do.”
(PT)
ICU specialized equipment is required for early
rehabilitation. (30)
“We really just need walkers. We don’t use anything special. I know people have fancy stuff;
we don’t.” (PT)
Early rehabilitation requires coordination and
scheduling between staff and team members. (22)
“The problem is that it’s a multidisciplinary process so it does involve … all the RTs, all the
nurses, all the physios, the dieticians, so it involves everybody. To get everybody to organize
to do anything is always a challenge.” (RT)
Early rehabilitation requires therapy staff specifically
assigned to the ICU. (16)
“I would definitely say that even amongst the physio personnel it would be better to either
maintain a smaller, more experienced group continually coming to the ICU.” (RT)
Social influences domain
Local champions influence early rehabilitation
practice. (12)
“Our lead physical therapist recently left and she was a huge advocate of mobilizing patients
and it quickly became apparent how person-specific our mobility culture was, that she was
driving a lot of it.” (MD)
ICU leadership facilitates early rehabilitation
practice. (14)
“It wouldn’t happen without the leaders of the ICU, the lead nurses and the nurse educators.”
(PT)
Discord between team members affects delivery
of early rehabilitation. (30)
“…we go in there and they [say], don’t touch them, they are finally settled. Don’t touch them
… they’re sleeping. Don’t touch them; they have a line in them. And I’m like, yeah so what?
So, it can definitely influence things.” (PT)
Family members affect delivery of early
rehabilitation. (33)
“I think for the most part we’re probably undershooting the goals, so we’re actually doing
less in order to not … freak out the family.” (RT)
Behavioral regulation domain
Feedback affects early rehabilitation
practice. (33)
“I think talking about the successes and failures and how we could make it better would be
more important. I don’t think we get as much feedback on that as I think would be beneficial
to say, hey, this is working and this is where we fell short and we need to step up to do a
better job.” (RT)
Having a unit protocol facilitates early
rehabilitation.(27)
“It would be nice to have a standard of care with regard to at least a consideration of
mobilization and maybe realize that everybody will need to make their own decisions, but
we’re asking a question; has the patient mobilized and if not, what sort of barriers or what
sort of thought processes getting in the way of that happening should be undertaken?” (PT)
RN nurse, MD physician, RT respiratory therapist, PT physiotherapist, OT occupational therapist
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was important. Family members were reported by all
professional groups to influence early rehabilitation,
although sometimes as a facilitator and sometimes as a
barrier. All participants reported that discord or resist-
ance from colleagues could be an important barrier to
early rehabilitation.
Behavioral regulation
The importance of receiving feedback about early re-
habilitation as a facilitator was noted by all groups; how-
ever, there was a range of views about whether or not
feedback was actually received (a potential barrier). A
unit protocol to guide early rehabilitation practice was
reported by all groups as a facilitator.
Differences between professional groups
Quantitative differences in stated beliefs about early re-
habilitation were not common (see Additional file 6).
Eighteen of the 59 beliefs (31%) of at least moderate im-
portance showed evidence of a difference in frequency
between groups. In most cases (13/18, 72%), physicians
were one of the two groups who differed. Most of the
beliefs (13/18, 72%) fell under one of either social/pro-
fessional role and identity, skills, or social influences.
With social/professional roles, the differences were
largely related to the roles of the participants assigned to
their own professional group. For example, physicians
frequently reported that they were responsible for goal
setting, whereas physiotherapists did not identify this as
a physician role.
The majority of physiotherapists reported the import-
ance of practical experience for development of skills (7 of
10) compared with only 2 of 10 in each of the other pro-
fessional groups (skills domain). Physicians (6 of 10) and
nurses (5 of 10) reported the importance of “local cham-
pions” in early rehabilitation. In contrast, no members of
the physiotherapy group reported this and only 1/10 of
the respiratory therapy group did.
Discussion
This study used the TDF to study the beliefs of ICU cli-
nicians regarding the barriers and facilitators to early
rehabilitation in mechanically ventilated patients. We
identified seven domains of the TDF which were most
relevant to the behavior of clinicians and found that dif-
ferences between clinician groups were uncommon.
While the domains of environmental context and re-
sources, as well as beliefs about consequences, are com-
monly identified in existing barriers literature [33–37],
this approach facilitated a broader view of barriers and
facilitators than prior literature. In particular, we demon-
strated important factors not previously emphasized in
the literature, in particular in the domains of social in-
fluences and behavioral regulation, which are novel
findings in this field. These domains should be used to
specifically direct implementation and quality improve-
ment efforts.
For example, a recent cross-sectional study of hospital
factors that influence early rehabilitation demonstrated
that a formal protocol for early rehabilitation was associ-
ated with increased uptake [38], a strategy which falls
under the domain of behavioral regulation. In a non-
randomized interventional study, Hanekom et al. demon-
strated that the introduction of a protocol for early
rehabilitation increased frequency of rehabilitation ses-
sions and reduced waiting time [39]. These findings, com-
bined with our study showing the importance of the
behavioral regulation domain, suggest that using a formal
protocol to support early physical rehabilitation in the
ICU setting may be helpful.
The domain of social influences, which we identified as
important, is less frequently identified in the literature as a
facilitator, although sometimes identified as a negative in-
fluence. We would suggest studies exploring specifically
the role of “local champions” as a starting point, since our
participants identified this as a useful facilitator.
Using a theoretically driven strategy provides potential
for linkage to interventions for behavior change. Michie
et al. have identified behavior change techniques and
mapped them to theoretical domains as a starting point
for the development of interventions [40]. For example,
leveraging local opinion leaders may be a useful inter-
vention to target the social influences domain [41].
A second advantage is to identify those domains that
are less important so that efforts and resources can be
focused away from those areas. For example, the know-
ledge domain was not found to contain a high number
of beliefs in this study. Although the study sample was
composed of volunteers and therefore may not be repre-
sentative of all clinicians, this finding is consistent with
prior knowledge translation research, which has shown
only modest effects of educational interventions on clin-
ician behavior [42–44].
The importance and level of elaboration of the domain
social/professional role and identity was noteworthy in
this study. TDF studies that investigate clinical behavior
most often report beliefs about consequences (reflecting
clinical thinking in terms of the balance between bene-
fits and risks) as the most populated domain [45]. The
importance of professional role in the current study pro-
vides a clear indication that team work and role clarity
may be key to the implementation of early rehabilitation.
This study has a number of limitations. First, partici-
pants were volunteers recruited from online interest
groups and professional organizations, which may create
selection bias. A high number of participants reported
determination to engage in early rehabilitation (inten-
tions domain). In addition, within the domain of beliefs
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about consequences, participants endorsed a high num-
ber of specific positive associations with early rehabilita-
tion. While supportive evidence exists, some of the
specific beliefs endorsed by participants are not sup-
ported in the literature (e.g., mortality benefit). In
addition, there was a commonly held belief that future
literature would demonstrate further benefit (optimism
domain). Participants may have experienced the equiva-
lent of a “halo effect” [46], where a generally positive
view of early rehabilitation creates a cognitive bias lead-
ing to other positive beliefs about early rehabilitation
which may not be supported by evidence.
A second limitation is in the method by which we
identified important beliefs and important domains. Our
interviews generated a large volume of data, and it was
necessary to try to identify those domains that were
most important, in particular with the view that targeted
interventions should be focused on those barriers and
facilitators most likely to impact on early rehabilitation.
We used a variety of methods to identify important do-
mains based on work in prior literature [32], but it is
not yet established that this method will lead to more
successful interventions.
Conclusions
Using a theoretically driven approach, this study identi-
fied important barriers and facilitators to early rehabili-
tation in ICU patients. In particular, the domains of
social influences and behavioral regulation were not pre-
viously well described in the literature. Future interven-
tions should include interventions targeted at these
domains, such as the institution of formal protocols to
guide physical rehabilitation in the ICU. Differences be-
tween professional groups were uncommon but, where
they exist, highlight the importance of involving an
inter-professional team in implementation. Further work
is required to validate our method for identifying im-
portance and to determine the frequency of barriers and
facilitators in other stakeholder groups.
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